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QUI CK-2 User's Qi de | nt roducti on

Chapter 1: Introduction

QUCK-2 is a user friendly program that assists in the conputation of flood
Water Surface Elevations (WBES) in open channels of all types. It is nuch
easier to use than the United States Arny Corps of Engineers (USACE) HEGC 2
program However, a QU CK-2 step-backwater file can also be used, as is,
with the HEG-2 program which is also included in the QU CK-2 package of
prograns. Therefore a HEG- 2 output file can be generated with a QUJ CK-2 i nput
data file, wthout ever leaving the QU CK-2 environnent; and, w thout having
to know how to set-up and run the HEG 2 program This version of QU CK-2
(Version 1.0) however, does not perform hydraulic calculations through
bridges or cul verts.

QUCK-2 was primarily developed to acconpany the FEMA technical guidance
manual titled, "MANAG NG FLOCDPLAI N DEVELOPMENT IN ZONE A AREAS - A QU DE FOR
CBTAI NI NG AND DEVELOPI NG BASE FLOOD ELEVATIONS." That manual is intended to
assist local community officials who are responsible for admnistering and
enforcing the floodplain nmanagenent requirenments of the National Fl ood
| nsurance Program (NFIP). The purpose of that manual is to provide guidance
for obtaining and devel oping base flood (100-year) elevations (BFEs) where
Speci al Flood Hazard Areas (SFHAs) on a community's Flood Hazard Boundary Map
(FHBM or Flood Insurance Rate Map (FIRM) have been identified and desi gnated
as Zone A

QUCK-2 will also be useful to community engi neers, architect/engineer firns,
devel opers, builders and others at the local level who may be required to
devel op BFEs for use in Special Flood Hazard Areas.

This manual includes four other chapters: Overview, GCetting Started,
Tutorials and Formulas. The Formulas section describes the "conplex”
equations and nethodologies used in the developnent of the program An
Appendix is also included that contains a list of Definitions of the
vari abl es shown on the screen and on the printouts.

To get started as quickly as possible in using QU CK-2 we
recommend that the wuser read the Overview and CGetting
Started chapters; and then work through the Tutorials.

M NI MUM SYSTEM REQUI REMENTS

Random Access Menory (RAM - 512K

Hard di sk storage - 800K

Moni t or - Col or or Monotone
Printer (prints to LPT1) - Dot-matrix to LaserJet
D sk Operating System (DOS) - Version 3.0 or higher
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Chapter 2: Overview

O FOUR OPTI ONS

This user friendly program conputes:

* Oitical Depth,

* (Ooss Section Capacity (Rating Curves),
* Nornmal Depth, and

e Step-Backwater Analysis (simlar to the USACE HEC- 2 program

CRITICAL DEPTH. This option should be used to determne a Base Flood
El evation (BFE) if a previous calculation using the Normal Depth option
conmputed a depth that was determined to be SUPERCRI TICAL. Super Citical
depths are generally not accepted for use as BFEs.

CHANNEL CAPACI TY: This option is used to determne a rating curve for a cross
section. The program conputes a discharge based on the entered depth.
Repeating with other depths produces a rating curve. A BFE may be determ ned
by interpolation wth the correct discharge.

NORVAL DEPTH. This is the usual option to use in determning BFEs. The user
should watch the "Flow Type" nessage to nmake sure that the calculation is
CRITICAL or SUBCRITICAL. Use Option 1 if SUPERCRI TI CAL.

STEP- BACKWATER: This option should be used to calculate BFEs if nore than one
cross-section is warranted to cover the extent of the property. CGenerally if
the property parallels nore than 500 feet of a flooding source this option
shoul d be used.

C") HANDLES " REGULAR' AND "I RREGULAR' SHAPED CRGOSS SECTI ONS
The REGULAR shape cross-sections include:

* V-shape,

Tr apezoi dal ,
* Rectangul ar, and

e Crcular
2-1



QU CK-2 User's Cuide Overvi ew

For | RREGULAR cross-sections:

up to 40 points can be input to describe the ground points

G ound points are easily nodified using the Insert or Del ete Keys

Encroachnments or other changes in the floodplain are easily nodel ed
- An unlimted nunber of cross sections nay be nodel ed

In addition, ground points and other input variables for the irregular shape
cross-sections can be saved to a file, for later use.

O SI NGLE SCREEN DATA | NPUT, COVPUTATI ON AND QUTPUT

One of the nost user-friendly aspects of this programthat sets it apart from
many other conputational prograns is that all of the data input, the
conputation, and the printing or plotting, is perforned fromthe same screen.
You wll not get lost in a maze of nenus.

O GRAPHI CS

* Cross-Section Plots,
e Water Surface Elevation Profiles, and

* Rating Curve Plots

Cross section plots and water surface elevation profiles from QU CK-2's step-
backwat er anal ysis can be viewed on the screen using the USACE PLOT-2 program
that cones with the QU CK-2 package of prograns. The channel capacity option
of QUCK-2 can be used to generate rating curve plots of individual cross
sections that can be viewed on screen and printed.

O AUTOVATI C ERROR CHECKI NG

This software is designed to virtually elimnate the need for user's manuals.
The program incorporates error-checking routines and warning nessages to
alert the user to incorrect input data or potentially incorrect output data.
The program pronpts the user for the required input data so that there is no
need to worry about which colums to put data in; whether or not it needs to
be left-justified, or right- justified, etc.
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SPECI AL FEATURES OF QU CK- 2

»» Critical Depth, Channel Capacity, and Normal Depth Options ««

EASY VIEW Al of the input data is viewed on the sane screen (and changes
can be made) before starting the conputations

EASY CHANGE: After an initial calculation, the following paranmeters can be
changed, and the above options can be re-cal culated i n seconds:

D schar ge Channel Sl ope Manni ng's N
Base width or D aneter Channel Side Slope Gound Points
Channel Stations

AUTO SAVE: For irregular channels the program automatically stores all the
input variables to a file designated as "TEMP. XSC', which is stored in the
C.\ QUI CK2\ DATA Directory.

RATI NG CURVES: A special feature of the Channel Capacity Qotion for irregul ar
channels is the Rating CQurve Print Option. A rating curve plot can be
automatically generated with 20 conmputations of water surface elevation
versus discharge. The maxinum elevation of the rating curve will be just
| ower than the channel depth specified by the user. The rating curve can be
viewed on the screen and/or printed.

»» St ep-Backwater Option ««

EASY VIEW Al of the input data is viewed on the sane screen (and changes
can be nmade) before starting the conputations

PRECI SE: Bal ances the energy equation to within .01 foot.

COVWPUTES CRI TI CAL DEPTH AUTQOVATI CALLY: After up to 40 energy balance trials
(wi thout a bal ance) the programautonatically conputes critical depth.

QUTPUT OPTIONS: Detailed and Summary printouts are avail abl e

AUTO SAVE: The program automatically saves the first cross-section into a
file designated as TO. XSC, and subsequent cross-sections are saved adding the

Channel distance (XLCH) to the previous cross-section's file nane.
Therefore, if we run 3 cross-sections that are 200 feet apart their
filenames wll be: TO0.XSC, T200.XSC, and T400.XSC. These files are

automatically stored in a directory named C \ QU CK2\ DATA

HEGC-2 RUNS WTH QU CK-2 FILES. The backwater option also automatically saves
all of the cross-sections into a HEG-2 conpatible file called HEC. DAT, which
is stored in the C\QUCK2 Directory. The QU CK-2 programis linked with the
USACE HEC-2 program such that any backwater conputation that is run using
QICK-2 can also be run wusing the HEG2 program within the QU CK-2
environment. The user does not need to have any previous experience in
runni ng the HEC 2 nodel .
2-3
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AUTOVATI C ERROR CHECKS AND WARNI NG MESSAGES

ERROR CHECKS

Error checks prevent the user from continuing by re-pronpting the user for
correct input data. The followi ng are error checks performed automatically by
t he program

- Gound Point (&R stations should be increasing

- Stations of the left and right bank should match a GR point

WARNI NG MESSAGES

War ni ng nessages instruct the user that the program has had to nodify the
input data in order to conplete a calculation, or that the conpleted
cal culation may not be valid. The follow ng are warni ng nmessages perforned by
t he program

Ext ended Oross Section

The conputed water surface elevation is higher than one or both ends of the
cross-section, and the program automatically extended the end(s) of the
cross-section vertically to conplete the conputation.

D vi ded Fl ow

There is a ground point(s) within the cross-section which is higher than the
conputed water surface elevation which is dividing the flowwthin the cross-
section.

No Enerqgy Balance ... Conputing Citical Depth

The program attenpted up to 40 trial conputations and could not arrive at an
energy balance; and therefore, critical depth is assumed to occur at this
Cross-section.

Conputing Critical Depth ... Citical Depth Assuned

Either the initial Starting Water Surface Elevation or an energy bal ance
between two cross sections occurred at an elevation for which the froude
nunber or the index froude nunber was equal to or greater than 1. Thus, the
conmputed water surface elevation is suspected of being below the critical
depth. Therefore the critical depth is conputed and conpared to the previous
cal cul ated water surface elevation. In this case the critical depth el evation
was higher, and thus Critical Depth is Assuned.

Conputing Critical Depth ... CGitical Depth Not Assuned

Sane as above except, the critical depth is conputed and conpared to the
previous calculated water surface elevation; and, in this case the critical
depth el evation was |lower, and thus Critical Depth is Not Assuned.
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Chapter 3. CGetting Started

Thi s section provides you wth
conveni ent installation and run
procedures that will enabl e you
torun the program from the hard
di sk drive or the floppy disk drive.

HARD DI SK | NSTALLATI ON AND RUN PROCEDURE

To install and run QU CK-2 sinply place the floppy disk in either your "A"
di sk drive or your "B" disk drive.

For "A" Drive users: Type A\ AQR and Press <Enter>

For "B" Drive users: Type B:\ BQ2 and Press <Enter>

Fol | ow t he screen nessage to start the program That's it!

The program resides in a C\QJUCK2 directory. To run the program in the

future, just change to that directory and type @ and press <Enter>.
FLOPPY DI SK | NSTALLATI ON AND RUN PROCEDURE

To install and run QU CK-2 fromthe floppy disk drive sinply place the floppy
disk in either your "A" disk drive or your "B" disk drive.

For "A" Drive users: Type A\FAQR and Press <Enter>
For "B" Drive users: Type B: \ FBQ and Press <Enter>

Fol |l ow t he screen nessage to start the program That's it!

To run the programin the future, just place the disk in your floppy drive,
change to that directory and type @ and press <Enter>. Al though the
program will run from the floppy disk drive it wll run nmuch faster if
installed and run on the hard disk drive.

REM NDER:

Entering and editing data, as well as noving around within the input screens
is performed using the Function keys, the Backspace Key and the Enter Key. DO
NOT USE THE CURSOR CONTRCL KEYS (ARRON KEYS) FOR ENTERING DELETING OR
EDI TI NG DATA.



Chapter 4. TUTORI ALS

Nor mal Depth
St ep- Backwat er
Channel Capacity

PLOT - 2

{TI ME REQUI RED TO COVPLETE ALL THE TUTORI ALS |'S ABOUT ONE HOUR}
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NORVAL DEPTH {Tutorial Tinme: 5 to 10 mi nutes}

After pressing Q2 and <Enter> to start the programyou will cone to
Main Menu screen of QU CK-2 as shown bel ow.

QICK - 2 | |
MAI N MENU ]
Press |
L | |
Critical Depth 1 ]
Channel Capacity 2 ]
Nor mal Dept h 3 ]
St ep- Backwat er 4 ]
i

II-
QT <F10> |

1|
[ ]

1
|<F1> - Help |
T T
L]

1. Press 3 and then press <Enter> to start the Normal Depth Option.

Next you will see the Shape of Cross Section screen:

SHAPE OF CRCSS SECTI ON [ ]
Press |l
N I

V - Ditch \Y [ ]
Rect angul ar Channel R [ ]
Tr apezoi dal Channel T [ ]
G rcul ar Channel Cc [ ]
[ |
I rregul ar Channel | [ ]
[ |

1
|<F7> - Main Menu |
|

| ]
]

Let's try the Trapezoi dal Channel option.

t he

2. Press T and then press <Enter> to performa Normal Depth cal cul ation

for a trapezoidal channel.

4-2
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The next screen you wll see is the Input / Qutput screen:

NORMAL  DEPTH [ ]

TRAPEZO DAL CHANNEL [ ]

[ |

I NPUT VARI ABLES [ ]

[ |

L Side Slope (H V) 11 R Side Slope (HV) 1 |l
Bottom Wdth (ft) Manni ng's n [ ]
Di scharge (cfs) Depth (ft) [ ]
Slope (ft/ft) [ ]
[ |

CQUTPUT VARl ABLES [ ]

[ |

Area (sq ft) Vet Perineter (ft) [ ]
Vel ocity (ft/s) Hyd Radi us [ ]
Top Wdth (ft) Froude # [ ]
Fl ow Type [ ]

[

Enter Left Side Slope and Press <Enter> 1]l
[ |

<- Back Tab <F2> Main Menu <F7> |l
[ ]

The program is currently pronpting you to enter the Left Side Slope (in
terms of the Nunber of Horizontal feet (H) to every 1 foot Vertical (H
1). Let's say our |left side slopeis 3 to 1 (3:1).

3. Enter 3 and then Press <Enter>.

The next screen you will see is the Input / Qutput screen with a new
pronpt :

I NCRMAL  DEPTH I Noti ce that the
I TRAPEZOl DAL CHANNEL I 3 has been entered
I I to the right of
I I NPUT VAR ABLES 1] "L Side Slope (HV"
I |
L Side Slope (HV) 3.0:1 R Side Slope (H V) |
Bottom Wdth (ft) Manni ng's n [ ]
Di scharge (cfs) Depth (ft) [ ]
Slope (ft/ft) [ ]
||
QUTPUT VARl ABLES [ ]
||
Area (sq ft) Vet Perineter (ft) [ ]
Vel ocity (ft/s) Hyd Radi us [ ]
Top Wdth (ft) Froude # [ ]
Fl ow Type [ ]
I
Enter Right Side Slope and Press <Enter> 1)
||
<- Back Tab <F2> Main Menu <F7> |l
[ |

The program is currently pronpting you to enter the Right Side Slope (in
terms of the Nunber of Horizontal feet (H) to every 1 foot Vertical (H
1). Let's say our right side slopeis 2to 1 (2:1).

4. Enter 2 and then Press <Enter>.
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QUI CK-2 User's Qi de Nor mal Depth Tutori al
NORMAL  DEPTH [ ]
TRAPEZO DAL CHANNEL [ ]
I NPUT VARI ABLES =
I
L Side Slope (HV) 3.0:1 R Side Slope (HV) 2.0:1 |l
Bottom Wdth (ft) Manni ng's n [ ]
Di scharge (cfs) Depth (ft) [ ]
Slope (ft/ft) [ |
QUTPUT VARl ABLES =
Area (sq ft) Wet Perinmeter (ft) =
Vel ocity (ft/s) Hyd Radi us [ ]
Top Wdth (ft) Froude # [ ]
Fl ow Type [ ]
I
Enter ".............. and Press <Enter> [ ]
<- Back Tab <F2> Main Menu  <F7> =
[ |
|

The programw || continue to pronpt you for input data.

Let's say our channe
the discharge is 300 cfs,

is 10 feet w de,

W
and t he channel

th a Manning's n val ue of 0.035,

slope is .005 ft/ft.

SCREEN PROVWPT - "Enter Bottom Wdth and Press <Enter>"
5. Enter 10 and then Press <Enter>.
SCREEN PROWPT - "Enter Manning's n and Press <Enter>"
6. Enter .035 and then Press <Enter>.
SCREEN PROWPT - "Enter Discharge and Press <Enter>"
7. Enter 300 and then Press <Enter>.
SCREEN PROWPT - "Enter Slope and Press <Enter>"
8. Enter .005 and then Press <Enter>.
ii NORVAL  DEPTH ii- After all the data
I TRAPEZOl DAL CHANNEL I IS input your screen
I I should ook like this
H | NPUT VARI ABLES H=
| L Side Slope (HV) 3.0:1 R Side Slope (HV) 2.0:1 |1l
| BottomWdth (ft) 10.0 Manning's n 0.0350 |
| Di scharge (cfs) 300 Depth (ft) 0.00 [N
Slope (ft/ft) 0. 0050 [ ]
QUTPUT VARI ABLES =
Area (sq ft) Wet Perinmeter (ft) =
Vel ocity (ft/s) Hyd Radi us [ ]
Top Wdth (ft) Froude # [ ]
Fl ow Type [ ]
[
Begi n Cal cul ations <Enter> [ ]
<- Back Tab <F2> Main Menu  <F7> =
[

;‘
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QUI CK-2 User's Quide Normal Depth Tutori al

To begin the calculation sinply ...

9. Press <Enter>.

After a split second the screen should | ook |ike this:

NORMVAL  DEPTH [ ]

TRAPEZO DAL CHANNEL [ ]

[ |

I NPUT VARI ABLES [ ]

]

| L Side Slope (HV) 3.0:1 R Side Slope (HV) 2.0:1 |l
| Bottom Wdth (ft) 10.0 Manning's n 0.0350 |
| Di scharge (cfs) 300 Depth (ft) 3.27 |
Slope (ft/ft) 0. 0050 [ ]
[ |

QUTPUT VARI ABLES [ ]

]

| Area (sq ft) 59.6 Wt Perineter (ft) 27.7 |
| Velocity (ft/s) 5.0 Hyd Radius 2.2 |
| Top Wdth (ft) 26.4  Froude # 0.6 |
Fl ow Type SUBCRI Tl CAL |

[ |

Begi n Cal cul ations <Enter> [ ]
Print <F5> [ ]
<- Back Tab <F2> Mai n Menu <F7> [ ]
[ |

Notice that the Depth is no |longer 0.00, but equals 3.27 feet, which is the
Normal Depth for this particular Trapezoidal cross-section. If 300 cfs
represents the 100-year discharge, then the 100-year flood depth would
equal 3.27 feet. Al of the output variables have also been conputed and
listed.

10. To print the output sinply Press the <F5> Function key.

The printed output is shown bel ow

QUICK - 2
NORVAL DEPTH
Tr apezoi dal Channe

| NPUT VARI ABLES QUTPUT VARI ABLES

A \ / Depth (ft) 3.27

| 1] \ n = 0.035 / | 1 Di scharge (cfs) 300.0
Dept h |\ I Vel ocity (ft/s) 5. 04

| 3.0 \ / 2.0 Top Wdth (ft) 26. 4
VvV \ / Froude No. 0. 59
Base Wdth = 10.0 Fl ow Type: SUBCRI Tl CAL

Sl ope = 0. 0050
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CHANG NG THE VARI ABLES

NORMVAL  DEPTH
TRAPEZO DAL CHANNEL

I NPUT VARI ABLES

| L Side Slope (HV) 3.0:1 R Side Slope (HV) 2.0:1
| BottomWdth (ft) 10.0 Manning's n 0. 0350
| Di scharge (cfs) 300 Depth (ft) 3.27
Slope (ft/ft) 0. 0050

QUTPUT VARI ABLES

| Area (sq ft) 59.6 Wt Perineter (ft) 27.7

| Velocity (ft/s) 5.0 Hyd Radius 2.2

| Top Wdth (ft) 26.4  Froude # 0.6
Fl ow Type SUBCRI Tl CAL

Begi n Cal cul ati ons <Enter>
Print <F5>
<- Back Tab <F2> Mai n Menu <F7>

Let's say we want to run this calculation again but with a di scharge of 500
cfs instead of 300 cfs.

1. Press the Function Key <F2>

NORMAL  DEPTH [ ]

TRAPEZO DAL CHANNEL [ ]

[ |

I NPUT VARI ABLES [ ]

]

| L Side Slope (HV) 3.0:1 R Side Slope (HV) 2.0:1 |l

| BottomWdth (ft) 10.0 Manning's n 0.0350 |

| Di scharge (cfs) 300 Depth (ft) 3.27 |

Slope (ft/ft) 0. 0050 [ ]

[ |

QUTPUT VARI ABLES [ ]

]

| Area (sq ft) 59.6 Wt Perineter (ft) 27.7 |

| Velocity (ft/s) 5.0 Hyd Radius 2.2 |

| Top Wdth (ft) 26.4  Froude # 0.6 |

I Flow Type SUBCRITICAL |l
I I
r 1

| Enter Slope and Press <Enter> [ |

| |

| <- Back Tab <F2> Main Menu <F7> |l

L II-

The above screen is what you should be |ooking at. The <F2> key w Il nove
the pronpt backwards through all the variables. Note that since we want to
change the Discharge (from 300 to 500), we will need to Press <F2> again to
cone to the Enter Discharge pronpt. Follow the steps as shown on the
following page to rerun this calculation with a new di scharge.
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SCREEN PROWPT - "Enter Slope and Press <Enter>"

2. Press <F2>.

SCREEN PROWPT - "Enter Discharge and Press <Enter>"

3. Enter 500 and t hen Press <Enter>.

SCREEN PROWPT - "Enter Slope and Press <Enter>"

4. Press <Enter>.

After all of the data is input your screen should |ook like this:

NORMAL  DEPTH [ |

TRAPEZO DAL CHANNEL [ ]

[ |

| NPUT VARI ABLES [ ]

|

| L Side Slope (HV) 3.0:1 R Side Slope (HV) 2.0:1 |l

| BottomWdth (ft) 10.0 Manning's n 0.0350 |

| Di scharge (cfs) 500 Depth (ft) 3.27 |

Slope (ft/ft) 0. 0050 [ ]

[ |

QUTPUT VARl ABLES [ ]

|

| Area (sq ft) 59.6 Wt Perineter (ft) 27.7 |

| Velocity (ft/s) 5.0 Hyd Radi us 2.2 |

| Top Wdth (ft) 26.4 Froude # 0.6 |

I Fl ow Type SUBCRI Tl CAL |
I I
] Il

| Begin Cal cul ations <Enter> |

[ | |

| <- Back Tab <F2> Main Menu <F7> |l

L II-
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5. Press <Enter> to begin the calculation.

After a split second the screen should | ook |ike this:

NORVAL  DEPTH [ ]

TRAPEZO DAL CHANNEL [ ]

||

I NPUT VAR ABLES [ ]

I

| L Side Slope (HV) 3.0:1 R Side Slope (HV) 2.0:1 |l
| BottomWdth (ft) 10.0 Manning's n 0.0350 |
| Discharge (cfs) 500 Depth (ft) 4.22 |H
Slope (ft/ft) 0. 0050 [ ]
-

QUTPUT VARI ABLES [ ]

I

| Area (sq ft) 86.7 Wt Perineter (ft) 32.8 |
| Velocity (ft/s) 5.8 Hyd Radius 2.6 |H
| Top Wdth (ft) 31.1 Froude # 0.6 |IH
Fl ow Type SUBCRI Tl CAL [l

Begi n Cal cul ations <Enter> I

Print <F5> |

<- Back Tab <F2> Mai n Menu <F7> ]
'l

Let's return to the Main Menu... Just Press the <F7> Function Key
QUK - 2 1 -
MAI N MVENU ]
Press |l
e u
Critical Depth 1 [ ]
Channel Capacity 2 [ ]
Nor mal Dept h 3 [ ]
St ep- Backwat er 4 [ ]
[ |
1
QT <F10> |
II-

1
|<F1> - Help |
T T
L]

» |f you want to continue and to performthe Step-Backwater
Tutorial, then turn to the next page. > > rr

» |f you want to exit out of the programfor now, Press <F10>. <
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STEP- BACKWATER {Tutorial Time: 20 to 25 m nutes}

Let's say that we have a piece of property located in an unnunbered Zone A,
and we need to determine if our property is really in or out of the
floodplain. W wll be referring to Figure 1 on the next page which
represents a plan view of our proposed floodplain study (step-backwater
analysis). W have field surveyed 3 cross-sections to use in the step-
backwat er analysis. The next page lists all of the data from the field
surveyed cross-sections.

| f you have continued from the previous Normal Depth Tutorial you should
see the screen below. If you are just starting the program you wll see

the screen bel ow after pressing 2 and <Enter>.

QICK - 2
MAI N MENU

Critical Depth 1
Channel Capacity 2
Nor mal Dept h 3
St ep- Backwat er 4

QT <F10>

1
|<F1> - Help |
I—I-

[
1. Press 4 and then press <Enter> to start the Step-Backwater Option.

Next you will see the Starting Water Surface El evation Method screen:

Starting Water Surface El evation Method [ ]
[ |
I nput [ ]

----------------- |
[ |
NORMAL DEPTH ( Sl ope- Ar ea) [ ]
Enter the Slope in Ft/Ft (for ex. .0025) |
[ |
xR [ |
[ |
KNOWN WATER SURFACE ELEVATI ON [ ]
Enter the known WS El evation (for ex. 656.78) |
-

Enter a Sl ope or an El evation:

Let's say that we do not have any previous information about flood
el evations for our sanple stream Thus we need to start the step-backwater
analysis assumng that the flow in our first cross-section is at Nornal
Depth. (This assunmes that the channel slope downstream of our first cross-
section will approximate the slope of the energy grade at the first cross-
section of our study.) Let's assune that our cal cul ated downstream channe
slope is .0029 ft/ft.

2. Type .0029 and then press <Enter>.
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CROSS SECTI ON | NFORMATI ON

Cross-Section 1 Cross-Section 2 Cross-Section 3

GROUND PO NTS

Station El evati on Stati on El evati on Station El evati on
362 505.0 0 510.0 0 515.0
425 499. 1 150 504. 8 433 510.1
509 498.0 233 502. 2 600 506. 3
512 496. 9 236 500. 9 614 504. 9
602 496. 9 331 500. 9 701 504. 8
605 498. 2 334 501. 8 725 506. 5
732 500. 1 402 505.5 866 511.1

1020 504. 7 591 510.1 1240 514. 6

CHANNEL BANK STATI ONS

Left 509 Ri ght 605 Left 233 Ri ght 334 Left 600 Ri ght 725

MANNI NG S N VALUES

Left .065 Left .055 Left . 065
Channel . 040 Channel . 040 Channel . 040
Ri ght . 060 Ri ght . 060 Ri ght . 060

CHANNEL REACH LENGTHS

Left --- Left 450 Left 490
Channel --- Channel 450 Channel 490
Ri ght --- Ri ght 450 Ri ght 490

LOSS CCEFFI C ENTS

Cont --- Expan --- Cont 0.1 Expan 0.3 Cont 0.1 Expan 0.3

100- YEAR DI SCHARGE

3000 3000 3000

FI GURE 1

BOUNDARY




QUI CK-2 User's Quide St ep- Backwat er Tutori al

The next screen you wll see is the Input / Qutput screen as shown:

XSEC | D 0 >> STEP - BACKWATER << GROUND PA NTS
STAT ELEV STAT ELEV STAT ELEV STAT ELEV
CHANNEL BANK STATI ONS: Left R ght
MANNING S N VALUES: Left Channel Ri ght
CHANNEL REACH LENGTHS: Left Channel Ri ght
LCSS COEFFI C ENTS: Contractn Expansn :Dschrg
WS ELEV Dept h Top Wd Kratio
EG ELEV Fl ow Regi e ChanVel Fr oud#
| |F2} <-Back Tab F5}List Files F6}Retrieve File F7}Main Menu F10}Ed/Ex G Pt| |
| F3}Insert G Pt F4}Delete G Pt F1 }HELP I
L ]

Before we go on let's read about how data is to be input for this screen.
3. Press <F1> to access the Help screen.

4. When you are finished reading the Help screen just Press <Enter>.

If you refer to the previous page, you will see a tabulation of the G ound
Points for the first field surveyed cross-section listed by Station and
El evation. You will also see the Channel Bank Stations, Manning' s N val ues,
and Di schar ge.

5. Following the method explained in the Help Screen, enter the G ound
Points one at a tine, by their respective Station and El evation. Be sure to
Press <Enter> after you have typed in each correct nunber.

Once you have entered all of the Gound Points correctly ...

6. Press <F10> to Exit fromentering Gound Point data

NOTE: The <F10> Key will EXIT you fromthe top of the screen, or it wll
RETURN you to the top of the screen if you need to go back to EDT the
G ound Poi nts.
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St ep- Backwat er Tutori al

Your screen should now | ook |ike this:

XSEC | D 0
STAT ELEV

|362 505.0
602 496. 9

STAT

425
605

>> STEP -
ELEV

499.1
498. 2

BACKWATER <<
STAT

509
732

ELEV
498.0
500.1

GROUND PO NTS
STAT ELEV

512 496. 9
1020 504.7

CHANNEL BANK STATI ONS: Left R ght
MANNING S N VALUES: Left Channel Ri ght
CHANNEL REACH LENGTHS: Left Channel Ri ght
LCSS CCEFFI C ENTS: Contractn Expansn :Dschrg
WS ELEV Dept h Top Wd Kratio
EG ELEV Fl ow Regi me ChanVel Fr oud#

|| F2}<- Back Tab F5} PRI NT F6} SAVE F7}Main Menu F8} New XSEC F10}Ed/Ex G Pt | |
| Enter LEFT Channel Bank Station and Press <Enter> I
]

The program is currently pronpting you to enter the Left Channel Bank

Station. Using the information contained on the previous page, we know that
our Left Channel Bank Station is 509. Therefore ..
/. Enter 509 and then Press <Enter>, (Notice that the 509 has been

entered to the right of "CHANNEL BANK STATI ONS: Left".)

Next you will see the Input / Qutput screen with a new pronpt:
SCREEN PROWPT - "Enter RI GHT Channel Bank Station and Press <Enter>"

Using the information for Cross-section 1,
to input the required data, as follows:

sinply follow the screen pronpts

SCREEN PROMPT -
8. Type

"Enter RI GHT Channe
605 and then Press <Enter>.

Bank Station and Press <Enter>"

SCREEN PROMPT -
9. Type

"Enter LEFT Manning' s n Val ue
.065 and then Press <Enter>.

and Press <Enter>"

SCREEN PROWPT - "Enter CHANNEL Manning's n Value and Press <Enter>"

10. Type .040 and then Press <Enter>.

SCREEN PROWPT - "Enter RIGHT Manning's n Value and Press <Enter>"
11. Type .060 and then Press <Enter>.

SCREEN PROWPT - "Enter Discharge and Press <Enter>"

12. Type 3000 and then Press <Enter>.
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QUI CK-2 User's Quide St ep- Backwat er Tutori al

Your screen should now | ook |ike this:

XSEC | D 0 >> STEP - BACKWATER << GROUND PO NTS
STAT ELEV STAT ELEV STAT ELEV STAT ELEV
|362 505.0 425 499.1 509 498.0 512 496. 9|
602 496. 9 605 498. 2 732 500.1 1020 504.7
Ir L
|| CHANNEL BANK STATI ONS: Left 509.0 Right 605.0 | |
[| MNNING S N VALUES: Left 0.0650 Channel 0.0400 Right 0.0600 | |
|| CHANNEL REACH LENGTHS: Left Channel R ght (.
| Loss CCEFFI C ENTS: Contractn Expansn :Dschrg 3000 |

| w8 ELEV Dept h Top Wd Kratio

| EG ELEV Fl ow Regi e ChanVel Fr oud# I

I I

r 1
|| F2}<- Back Tab F5} PRI NT F6} SAVE F7}Main Menu F8} New XSEC F10}Ed/Ex G Pt | |
| TO BEG N CALCULATI ONS Press <Enter> I

L ]

The program is now ready to begin the calculations since all of the
required data has been entered for the 1st cross-section of our step-
backwat er analysis. Note that even at this point, if any of the data on the
screen has been typed in incorrectly, the user can sinply press the <F2>
key to toggle backwards through all of the input data, even back to the
G ound Points. Renenber that you can instantly go back to the G ound Points
by pressing <F10>, al so.

13. Press <Enter> to Begin the Calcul ations.

Your screen should now | ook |ike this:

XSEC | D 0 >> STEP - BACKWATER << GROUND PO NTS
STAT ELEV STAT ELEV STAT ELEV STAT ELEV
|362 505.0 425 499.1 509 498.0 512 496. 9|
602 496. 9 605 498. 2 732 500.1 1020 504.7
Ir L
|| CHANNEL BANK STATI ONS: Left 509.0 Right 605.0 |
[| MNNING S N VALUES: Left 0.0650 Channel 0.0400 Right 0.0600 |
|| CHANNEL REACH LENGTHS: Left Channel R ght I
|| Loss CCEFFI CI ENTS: Contractn Expansn :Dschrg 3000 |

| W8 ELEV 501. 03 Dept h 4.13 Top Wd 385 Kratio 1.00 |

!
| F2}<- Back Tab F5} PRI NT F6} SAVE F7}Mai n Menu F8} New XSEC F10} Ed/ Ex Gr Pt |
|
L

|
|
|
|
|
EG ELEV  501.32 Flow Regine M1 ChanVel 5.10 Froud# 0.50 | |
|
|
|
|
|

As you can see fromthe screen, the (100-year) Water Surface El evation (W5
ELEV) has been conputed (501.03), with other vari abl es.
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Before we nove on to enter the data for the next cross-section let's obtain
a printout of this first cal cul ation.

_ Press <F5>.

The screen pronpt will be ...

PRI NT: Summary or Detail ed? Press S or D and <Enter>
Let's obtain a Detailed Printout ... Therefore ...

__ Press D and then Press <Enter>.

Assum ng your printer is turned on, the detailed printout will look I|ike
this:

: Cross Section: O
XLOB: 0 XLCH: 0 XROB: 0 CC O CE O

NLOB: .065 STCHL: 509 NCHL: .04 STCHR 605 NROB: .06

ELEV STAT ELEV STAT ELEV STAT ELEV
505.00 425.00 499.10 509.00 498.00 512.00 496.90
496.90 605.00  498. 20 732.00 500.10 1020.00 504.70

CWSEL EG ELM N QoB CH QROB
Chan Vel HV KRATI O ALCB ACH AROB
Dept h HL Top Wdth STAT- L ST- M DCH STAT-R
Di schar ge L Froude # CH Sl ope EG Sl ope Fl owRegi m

501. 03 501. 317 496. 90 493 2003 505
5.10 0.29 1. 00 228 392 265
4.13 0. 00 385 404. 4 557.0 789.9
3000 0. 00 0. 50 0. 0000 0. 0029

If any of the above variables are unfamliar, a description of each is
provi ded in Appendi x 1.

If you want to save the cross-section data to a different name and/or
directory, before pressing <F8> you can Press <F6>, ( F6} SAVE) , to
performthis.

Now we need to enter the data for the 2nd cross-section. Since we are
entering a new cross-section (New XSEC), we need to ...

_ Press <F8>.

Before the Screen changes you will notice that at the bottom of the screen
a nmessage will briefly appear

SAVI NG TEMPORARY FI LE C. \ QUI CK2\ DATA\ TO. XSC
This alerts you that your cross-section data has been saved to a file
call ed TO. XSC, which is located in your C \QU CK2\ DATA directory.
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Your screen should be bl ank again as shown bel ow

XSEC | D 0 >> STEP - BACKWATER << GROUND PA NTS
STAT ELEV STAT ELEV STAT ELEV STAT ELEV
CHANNEL BANK STATI ONS: Left R ght
MANNING S N VALUES: Left Channel Ri ght
CHANNEL REACH LENGTHS: Left Channel Ri ght
LCSS COEFFI C ENTS: Contractn Expansn :Dschrg
WS ELEV Dept h Top Wd Kratio
EG ELEV Fl ow Regi e ChanVel Fr oud#
| |F2} <-Back Tab F5}List Files F6}Retrieve File F7}Main Menu F10}Ed/Ex G Pt| |
| F3}Insert G Pt F4}Delete G Pt F1 }HELP I
L ]

_ Following the nethod used before, for the 1st cross-section, enter the
Ground Points one at a tine, by their respective Station and El evation for
the 2nd cross-section using the data provided. Be sure to Press <Enter>
after you have typed in each correct nunber.

_ Once you have entered all of the Gound Points correctly, renenber to
Press <F10> to Exit fromentering G ound Point data

Fol |l ow the on screen pronpts to enter all of the other data.
Renmenmber that if any of the data on the screen has been typed in
incorrectly, the user can sinply press the <F2> key to toggle backwards
through all of the input data, even back to the Gound Points. (You can
al so Press <F10> to go back to the Ground Points imediately for editing).

After entering all the data your screen should now | ook Iike this:

XSEC | D 450 >> STEP - BACKWATER << GROUND PO NTS
STAT ELEV STAT ELEV STAT ELEV STAT ELEV

| 0 510.0 150 504.8 233 502. 2 236 500. 9|
331 500. 9 334 501.8 402 505.5 591 510.1
Ir L
|| CHANNEL BANK STATI ONS: Left 233.0 Right 334.0 | |
[| MNNING S N VALUES: Left 0.0550 Channel 0.0400 Right 0.0600 | |
|| CHANNEL REACH LENGTHS: Left 450 Channel 450 Right 450 | |
| Loss CCEFFI C ENTS: Contractn 0.1 Expansn 0.3 :Dschrg 3000 |

| w8 ELEV Dept h Top Wd Kratio

| EG ELEV Fl ow Regi e ChanVel Fr oud# I

I I

r 1
|| F2}<- Back Tab F5} PRI NT F6} SAVE F7}Main Menu F8} New XSEC F10}Ed/Ex G Pt | |
| TO BEG N CALCULATI ONS Press <Enter> I

L ]
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The program is now ready to begin the calculations since all of the
required data has been entered for the 2nd cross-section of our step-
backwat er anal ysi s.

_ Press <Enter> to Begin the Cal cul ations.

Once the calculation is finished you may ...
__ Press <F5> to obtain a printout
_ Press <F6> to save the data to another name and/or directory

Finally, to finish our analysis we need to enter in the data for the 3rd
Cross-section.

_ Press <F8>

Before the Screen changes you will notice that at the bottom of the screen
a nmessage will briefly appear

SAVI NG TEMPORARY FI LE C. QUI CK2\ DATA\ T450. XSC

This alerts you that your 2nd cross-section data has been saved to a file
cal |l ed T450. XSC, which is located in your C:\QUI CK2\ DATA directory. Notice
that the 450, represents the channel distance between the 1lst and 2nd
Cross-sections.

_ Follow ng the nethod used before for the other cross-sections, enter the
Ground Points one at a tine, by their respective Station and El evation for
the 3rd cross-section using the data provided. Be sure to Press <Enter>
after you have typed in each correct nunber.

_ Once you have entered all of the Gound Points correctly, renenber to
Press <F10> to Exit fromentering G ound Point data .

_ Follow the on screen pronpts to enter all of the other data.
After entering all the data for the 3rd cross-section ..
_ Press <Enter> to Begin the Cal cul ations.

Once the calculation is finished you may ...

_ Press <F5> to obtain a printout
_ Press <F6> to save the data to another name and/or directory

TO EXIT QUT OF THI S SCREEN NOW THAT OUR ANALYSI S | S COVPLETED . .

_ Press <F7>
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You w Il see a screen pronpt at the bottom. ..

SUMMVARY PRI NTOQUT: Press <F5>, ot herwi se Press <Enter>

To print a summary of the output for all 3 cross-sections then ...

_ Press <F5>, ot herw se just Press <Enter>
The on screen Summary or the printed summary will ook like this:
SECNO Q XLCH  CWBEL FR# ELM N AVG VEL. AREA TOPW D

0 3000. 0 0O 501.03 0.50 496.90 3.39 885.0 385.5
450 3000.0 450 503.96 1.06 500. 90 7.54 398.1 196. 9
940 3000.0 490 508.54 0.71 504. 80 4.95 606. 5 286. 2

| If we carefully conpare the Conmputed Water Surface El evations
|| (CWBELs) at each cross-section, to the topographic contours on
| Figure 1, we will see that the property is clearly higher than
| the CWBEL at every cross-section. Therefore this analysis with
| nrore detailed cross-section data has proven that the property
| has been inadvertently included in an unnunmbered Zone A Speci al
| Fl ood Hazard Area.

Turn to the next page to continue > > > r
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RUNNI NG HEC-2 USI NG QUI CK-2 FILES {Tutorial Time: 5 m nutes}

_You wll be pronpted one nore tinme to Press <Enter>. The next pronpt w ||
ask you a question concerning running the HEC-2 or PLOT-2 prograns.

Press Y and <Enter> to rerun w HEC-2 or PLOT-2: |If NO Press <Enter>

_ For purposes of this tutorial let's answer "Y' , (and Press <Enter>) to
run the HEC-2 program The next screen that will appear will include the
fol | ow ng:

To Run Type

QUI CK- 2 Q

HEC- 2 H2

AUTCHEC- 2 AH2

PLOT- 2 P2

VI EW PRI NT LI ST

_ Type AH2 and Press <Enter>.

Once the HEG-2 run is conplete it will return you to the above-nentioned
screen.

NOTE: Typing AH2 runs the HEC-2 program automatically using the QU CK-2
gener ated HEC2. DAT, HEC-2 data file.

If you are using a HEC-2 data file other than HEC2. DAT, then Type H2 and
Press <Enter>. Follow the directions on the screen for nam ng the |nput,
Qut put and Tape95 files; pressing <Enter> after each filenane is typed in.

_ Type LIST and Press <Enter>, and then enter your output filenane,
(Default is HEC2. QUT), to view the results. Note that you nove up, down and
across the screen using the <Page UP>, <Page Down>, the cursor keys, etc.

_ To Print the data that appears on the screen sinply Press P.

_ To Exit fromthe screen sinply Press X or the Escape key.

If you would like to conplete the next tutorial exanple, then

Type @ and Press <Enter>; and, turn to the next page. ———»»» >
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RERUNNI NG USI NG SAVED CROSS- SECTI ON FI LES
{Tutorial Tinme: 5 m nutes}

Let's say that in the analysis that was perforned in the previous tutorial,
we want to change the discharge from 3000 to 5000, and run the step-
backwat er option again wth the sane cross-sections. This is quite easily
done. Just follow the steps as shown bel ow.

1. At the Main Menu Screen Type 4 and Press <Enter>

2. At the Starting Water Surface El evation Method Screen
Type .0029 and Press <Enter>

3. At the Input/Qutput Screen Press <F6> to retrieve a saved cross-
section file

Assum ng your 1st cross-section file is stored as
C. \ QUI CK2\ DATA\ TO. XSC

Type C and Press <Enter> when pronpted for the directory
Type QUI CK2\ DATA & Press <Enter> when pronpted for the subdirectory
Type TO and Press <Enter> when pronpted for the fil enane

4. Press <F2> to toggle back to the "Enter Discharge" pronpt
5. Type 5000 and Press <Enter> to enter the new di scharge

6. Press <Enter> to Begin the Cal cul ations

7. Press <F8> to input another cross-section
Press <F6> to retrieve a saved cross-section file

Assum ng your 2nd cross-section file is stored as
C. \ QUI CK2\ DATA\ T450. XSC

Type C and Press <Enter> when pronpted for the directory
Type QUI CK2\ DATA & Press <Enter> when pronpted for the subdirectory
Type T450 and Press <Enter> when pronpted for the fil enane

8. Press <F2> to toggle back to the "Enter Discharge" pronpt
9. Type 5000 and Press <Enter> to enter the new di scharge

10. Press <Enter> to Begin the Calcul ations

4-19



QUI CK-2 User's Quide St ep- Backwat er Tutori al

11. Press <F8> to input another cross-section

Press <F6> to retrieve a saved cross-section file

Assum ng your 3rd cross-section file is stored as
C. \ QUI CK2\ DATA\ T940. XSC

Type C and Press <Enter> when pronpted for the directory
Type QUI CK2\ DATA & Press <Enter> when pronpted for the subdirectory
Type T940 and Press <Enter> when pronpted for the fil enane

12. Press <F2> to toggle back to the "Enter Discharge" pronpt
13. Type 5000 and Press <Enter> to enter the new discharge

14. Press <Enter> to Begin the Cal cul ations

__ Press <F7> to Exit out of the screen

_ Press <F5> to obtain a summary printout

_ Press <Enter> twice to get back to the main nenu

_ Press <F10> to | eave the program

QE. D.
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CHANNEL CAPACI TY OPTION W TH THE RATI NG CURVE PLOT
{Tutorial Tinme: 5 to 10 m nutes}

Let's say that we need to determ ne a Base Flood Elevation (BFE) for the
property shown in Figure 1. W do not want to exenpt the entire property
fromthe flood plain, only a structure which is located in the mddle of
the property. Therefore, we can use one cross-section (the 2nd cross-
section (T450. XSC) from our previous tutorial and shown on Figure 1), to
conpute a BFE

Let's assune that we know the discharge is between 3000 cfs and 4000 cfs
based on our best estimtes.

Let's assunme our structure does not have a basenent; the |owest adjacent
grade (LAG to the house is at elevation 510 NGVD, and the first floor
el evation (FFE) is 510.5 NGVD.

Let's determne the maximum carrying capacity of the floodplain using a
depth equal to the |owest adjacent grade (510.0) mnus the m ninmum stream
el evation (500.9). For purposes of this exanple we'll use a depth of 9 feet
(510-501).

To perform a channel capacity calculation we also need to know the
downstream slope, which in this case is easy to conpute from the
i nformati on on page 15. Slope = 500.9 - 496.9 / 450 = . 0089.

The graphi c bel ow suns up our situation so far:

00000OO0OOOO
|m
| |
A FFE = 510.5
\ %l LAG = 510.0

Stream | nvert = 500.9

Foll ow the steps as shown on the next page to conpute the rating curve

> > »
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1. At the Main Menu Screen Type 2 and Press <Enter>

2. At the Shape of Cross Section Screen
Type | and Press <Enter>

3. At the Input/Qutput Screen Press <F6>

We are using the 2nd cross-section file stored as
C. \ QUI CK2\ DATA\ T450. XSC

Type C and Press <Enter> when pronpted for the directory
Type QUI CK2\ DATA & Press <Enter> when pronpted for the subdirectory
Type T450 and Press <Enter> when pronpted for the fil enane

4. Type .0089 and Press <Enter> to enter the slope

5. Type 9 and Press <Enter> to enter the depth

6. Press <Enter> to Begin the Cal cul ations

7. Press <F4> to Plot to screen .... Press <F5> to Print

Looking at the rating curve plot we can see that for a discharge range of
bet ween 3000cfs - 4000cfs the BFE ranges from about 504.3 to 504.8. Since
our | owest adjacent grade and first floor elevation are at or above 510, it
is clear that this structure is above the BFE.

00000OO0OOOO
|m
| |
I S FFE = 510.5
%l LAG = 510.0

Stream I nvert = 500.9

Sl ope . 0089

8. Press <Enter> to continue
9. Press <F7> to go back to the Main Menu

10. Press <F10> to Exit the program
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PLOT- 2

In general PLOT-2 will only work on QU CK-2 files that have been converted into HEC 2
format using QU CK-2's Step-Backwater option.

Profile plots fromPLOT-2 will work only if the QU CK-2 generated data file (HEC2. DAT) is
al so run using the HEC-2 program (see Running HEC-2 Using QU CK-2 Files, page 4-18), since
a HEC2.T95 file needs to be generated by the HEC-2 program for use by PLOT-2.

PLOT-2 Cross-section plots can be generated using the QUJCK-2 generated data file

(HEC2. DAT) even if it is not run with HEC-2. However, the Cross-section plot will not show
the conputed water surface elevation (CWEL) unless the QU CK-2 HEC2. DAT file is run with
HEC- 2, since the CABEL is found on the HEC2.T95 file.

Note that the user can conpute a nornmal depth elevation for only one cross-section and
have that cross-section plotted by choosing the Step-Backwater option and the Nornmal Depth

starting water surface elevation nmethod. Once the conputation is finished, the user sinply
exits (Presses <F7>), and the QU CK-2 program automatically creates the HEC2. DAT file for
t hat one cross-section, which can be used by the PLOT-2 program

Let's say that we want to view the water surface elevation profile and the
cross-section plots from our previous tutorial on the Step-Backwater
opti on.

Fromthe QU CK-2 Title screen Press P2

You are now into the PLOT-2 program Press <Enter> to continue

PRCFI LE PLOT {Tutorial Tine: 5 to 10 mi nutes}

1. Let's viewthe profile first. Press 1 fromthe PLOT-2 main menu
sel ection

2. Cursor to the HEC2 Tape95 file nane entry and Type ?

This will list all of the data files in the QUCK-2 directory. T95 files
are designated with the 3 letter extension .T95 . Therefore cursor over to

hi ghlight that file (HEC2. T95) and Press <Enter>.

3. Move up to highlight the Plot profiles entry and Press <Enter>.

4. Your profile is now plotted. Pressing <Enter> noves you back to the
Profile plots main nenu screen. You can explore the different Profile and
Plotting options and replot the profile if you w sh.

5. When you are finished plotting, highlight the Return to main nenu
message and Press <Enter>
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CROSS- SECTI ON PLOT  {Tutorial Time: 5 to 10 mi nutes}

1. Fromthe PLOT-2 main menu Press 2 fromthe nenu sel ection.

2. Cursor down to the HEC2 input file nane entry and Type ?

This will list all of the data files in the QUCK-2 directory. Input files
are designated with the 3 letter extension .DAT . Therefore cursor over to
highlight that file (HEC2. DAT) and Press <Enter>. If we want to view a
different data file than that of the profile we previously viewed, we would
have to specify a different file here before proceeding.

3. Cursor down to the HEC2 Tape95 file nane entry

Note that we do not have to re-enter this file since we have already
entered it previously. If we want to view a different Tape95 file than that
of the profile we previously viewed, we would have to Type ?, and then
specify a different file here before proceedi ng.

4. Move up to highlight the Plot cross sections entry and Press <Enter>.

5. You now have the option of printing all or selected cross sections from
your data file. Press Y for plotting all, or N for plotting sel ected cross
secti ons.

Your first cross-section is now plotted. Pressing <Enter> noves you back to
the Cross-section plots main nmenu screen or plots additional cross-sections
depending on how nany cross-section plots you have. You can explore the
different Cross-section and Plotting options if you w sh.

6. Highlight the Return to main nmenu nessage and Press <Enter>

Pressing 4 at the PLOT-2 main nmenu exits you from PLOT-2 and back to the
QUICK-2 title screen.

Note: To use PLOT-2 and to access data files that are in another directory
(i.e., they are not in the C\QUCK2 directory), just change to that data
directory (i.e., CD\dirnane) and access PLOT-2 by typing C \QU CK2\ PLOT2
(or A\PLOT2 if wusing the program from the floppy drive) from that data
directory.
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QUI CK-2 User's Cuide Critical Depth Formul as

1. CRITI CAL DEPTH

In every cross-section for a given discharge there exists a critical depth, where the
energy grade (depth of water plus velocity head - V/2@ is at a mininum Increasing the

di scharge above this given discharge will force the flow into the super-critical regine.
Di scharges below the given discharge wll remain in the sub-critical regi e.
Super-critical depths will be lower than the critical depth, and sub-critical depths wll

be above the critical depth. Super-critical flow is characterized by small water depths
with large velocity heads; while, sub-critical flowis characterized by | arge water depths
with small velocity heads. A rule of thunb used to determine critical depth is that when
the Velocity Head equals 1/2 the hydraulic depth (Area/ Topwidth) «critical flow is
pr obabl e.

A formul a which can be used to approxi mate critical depth (D) is
gi ven bel ow,

@’/ g=AIT

VWere Q is the discharge (in cfs) based on critical depth, g is the gravitational
constant (32.15 feet/second squared), A is the cross-section area (in square feet), and T
is the top wdth of the water surface (in feet). Note: for rectangul ar channels the above
equati on can be reduced so that

D, = (Q/5.67 T) .

The nore exact way to conpute critical depth (mninum specific energy) is to find a
specific depth of water within a cross-section for a given discharge which produces the
| owest energy grade. The following represents the process that the Critical Depth option
of QUI CK-2 goes through to calculate critical depth

After the cross-section information (ground points, channel stations, etc.) has been input
the program starts conputing the water surface elevation (WSE) and correspondi ng energy
grade elevation (EG at a depth of 0.1 foot above the l|owest elevation in the
cross-section. It continues to calculate WSE and EG at intervals of 0.5 foot. As the depth
of water in the cross-section increases the EG will decrease. At one point the EG will
begin to increase. This nmeans that between the last 0.5 foot interval there exists a
m ni mrum energy grade. Once this has occurred the program decreases the WBE in intervals of

.02 foot. As the depth of water decreases in the cross-section the EG will also decrease
as it approaches the mninmum specific energy. At one point the EG will begin to increase
agai n.

This means that between the last .02 foot interval critical depth exists. At this point
the screen will display the actual critical water surface elevation (along with other
variabl es) by assuming that the next to the last iteration was the critical depth.

The cal cul ations performed by the program for a given cross-section are |listed on the next

page. The calculations include the iterations that the program goes through to arrive at
critical depth.
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ELM N = 92.5

WBE = 92.6 Q= 6.026845E-02 Q& 260 EG=466080. 8 EG Decr easi ng
WBE= 93.1 = 5.314738 & 260 EG=452. 6406 - |

WBE= 93.6 = 24.18726 & 260 EG=125. 4259 - |

WBE= 94.1 = 61.71717 & 260 EG=101. 21 - |

WBE= 94.6 = 121.451 & 260 EG=96. 99928 - |

WBE= 95.1 Q= 204. 4488 & 260 EG=96. 14474 - v

WBE= 95.6 Q= 311.15 Q& 260 EG=96. 14897 + EG I ncreasing

Therefore M nimum Specific Energy is between WSE's of 95.1 and 95.6. Note also that the
Di scharge (Q = 260) is also within the computed Critical Discharge (Q) range of 204 -
311.

WBE= 95.58 Q= 306. 5006 & 260 EG=96. 14179 - EG Decreasi ng
WBE= 95.56 Q= 301.8821 & 260 EG=96. 13499 - |

WBE= 95.54 Q= 297.2962 & 260 EG=96. 12863 - |

WBE= 95.52 = 292.7447 & 260 EG=96. 12271 - |

WBE= 95.50 = 288.2256 & 260 EG=96. 11724 -

WBE= 95.48 = 283.737 & 260 EG=96. 11225 -

WBE= 95. 46 = 279.2825 & 260 EG=96. 10776 -

WBE= 95.44 = 274.8583 & 260 EG=96. 1038 - v

WBE= 95.42 = 270.4678 & 260 EG=96. 10038 -

WBE= 95. 40 = 266. 1075 & 260 EG=96. 09752 -

WBE= 95.38 = 261.7806 & 260 EG=96. 09525 -

WBE= 95. 36 = 257.4854 & 260 EG=96. 09361 -

WBE= 95.34 = 253.22 & 260 EG=96. 09262 -

WBE= 95.32 = 248.986 & 260 EG=96. 09199 mini num v

WBE= 95. 30 Q= 244.76 & 260 EG=96. 09271 + EG Increasing
We assune that ... Critical Depth = 95.32', M ninum Specific Energy = 96.09199

The Froude nunmber would be, Q/ Q, or 260 / 248.986 = 1.04.

It is not unusual for the Froude nunber to not equal exactly 1.0, since the calculation of
critical discharge using the fornula Q®/ g = A/ T, does not always yield a WSE that
is exactly at the True m ni mum specific energy.

You should notice fromthe above tabul ation, that as you approach critical depth (m ninmm
specific energy), for very small changes in EG there are large junps in the water surface
el evation. The EG is only changing by .001' to .003" while the WSE changes by .02'. A
0.01" difference in EG can cause a 0.10" change in W5E.
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2. CHANNEL CAPAC TY

In this option, a Nornmal Depth elevation (see 3. NORMAL DEPTH) is input and the program
conputes the correspondi ng di scharge. (In the Normal Depth option, the discharge is input
and the program conputes a normal depth elevation). The Manning's equation is used as the
formula for determining the (normal) discharge.

Q=1.486 A (R*) S°/ N

VWere Qis the discharge (in cfs), Ais the cross-section area (in square feet), Ris the
hydraulic radius (in feet), S is the energy slope (in feet/feet), and N is the Manning' s
roughness val ue.

After the cross-section information (ground points, channel stations, streanbed sl ope,
normal depth elevation(s), etc.) has been input, the program sinmply solves for the area
(A) and hydraulic radius (R) below the normal depth el evation (specified by the user) and
conputes the (normal) discharge directly using the Manning's equation. This is not an
iterative process. The screen will display the (normal) discharge (which represents the
channel capacity) along with other variabl es.
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3. NORNVAL DEPTH

The standard fornula for determining normal depth in a cross-section is the Mnning' s
formula. Water is flowing at normal depth when the energy grade and the hydraulic grade
(water surface) slopes are the sane as the stream bed slope. Normal depth profiles occur,
in general, when the flow is uniform steady, one-dinensional, and is not affected by
downstream obstructions or flow changes. The standard Manning's equation is:

Q=1.486 A (R*™) S° /N

VWhere Qis the discharge (in cfs), Ais the cross-section area (in square feet), Ris the
hydraulic radius (in feet), S is the energy slope (in feet/feet), and N is the Manning' s
roughness val ue.

The exact method for conputing normal depth for a given discharge at a particular
cross-section, is to assune that Sis equal to the downstream streanbed sl ope and to sol ve
iteratively for the depth (this obviously assunmes N is known). The follow ng represents
the process that the Nornmal Depth option of QU CK-2 goes through to cal cul ate nornal
dept h.

After the cross-section information (ground points, channel stations, discharge, streanbed
sl ope, etc.) has been input, the program starts conputing discharge using the Manning's
equation at an initial depth of 0.1 foot above the |owest point in the cross-section, and
fromthat point in 0.5 foot intervals. At sone point, the conputed discharge will exceed
the given target discharge. The program then uses a converging technique to conmpute a
di scharge (with a correspondi ng nornmal depth) that is within 1% of the given discharge. At
this point the screen will display the actual normal depth water surface el evation (along
with other variables).

The cal cul ations performed by the program for a given cross-section are |listed bel ow The
calculations include the iterations that the program goes through to arrive at nornal
dept h.

ELM N= 92.5

WBE = 92.6 Q= 260 Conputed Q= .023579 bel ow target Q
WBE= 93.1 & 260 Conputed Q= 2.803083 bel ow

WBE= 93.6 & 260 Conputed @& 14.11313 bel ow

WBE= 94.1 & 260 Conputed Q= 38.33264 bel ow

WBE= 94.6 & 260 Conputed Q= 80.01045 bel ow

WBE= 95.1 & 260 Conputed @& 146.9773 bel ow

WBE= 95.6 & 260 Conputed @& 245.9516 bel ow

WBE= 96.1 Q= 260 Conputed Q= 369.2461 above target Q
WBE= 95. 65697 & 260 Conputed @= 258.7531 within 1%

We assune that ... Normal depth = 95.66 for a Discharge (Q of 260 cfs
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4. STEP- BACKWATER

The Energy Equation which represents one-dinmensional, uniform and steady flow in open
channel s i s shown bel ow.

(1) WSE, + HV, = WSE, + HV, + HL + OL

VWere WBE, is the water surface elevation at the downstream cross-section, HV, is the
velocity head at the downstream cross-section, WSE, is the water surface elevation at the
upstream cross-section, HV, is the velocity head at the upstream cross-section, HL is the
friction loss between the two cross-sections, and O. is the eddy (contraction or
expansi on) | oss between the two cross-sections.

Vel ocity Head, HV, is calcul ated as foll ows:
HV = (a) VV/ 2g

VWere (a) is alpha the velocity coefficient, V is velocity (QA), and g is the
gravitational constant. Al pha (a) is calculated as foll ows:

(A% | KI'® Ke®  Kr® |
(@) = —--- | 4 e ke
(K | AlZ Ac® A’ |
VWere A and K are the total area and conveyance bel ow the water surface, respectively; and

Kl, Kc, Kr and Al, Ac, Ar, are the conveyance and area in the |eft overbank, channel, and
ri ght overbank, respectively.

Friction Loss, HL, is calculated as foll ows:

HO = w( Q+Q )2/ ( K, +K )°?

VWhere Lw is the discharge weighted reach length between cross- sections, Q is the
di scharge at the downstream cross-section, Q is the discharge at the upstream cross
section, K, is the conveyance at the downstream cross-section, and K, is the conveyance
at the upstream cross-section. This is derived fromthe Average Conveyance Friction sl ope
equat i on.

The Di scharge Wi ghted Reach Length, Lw, is calcul ated as foll ows:

tw = {(L * Q) + (Lc * Q) + (Lr * Q)} / Q

VWere Qa is the average total discharge between cross-sections; and, LI, Lc, Lr, and Q@,
@, Q, represent the reach length and average discharge between cross-sections for the
| eft overbank, channel, and right overbank, respectively.

Eddy Loss, O, is calculated as foll ows:

O = (Ceor C) * ABS |HY, - HV|
VWere Ce is the expansion coefficient, Cc is the contraction coefficient, HV, 1is the
velocity head at the downstream cross-section, and HV, is the velocity head at the

upstream cross-section. Wen HV, is greater than HY, Ce is utilized. Wen HV, is greater
than or equal to Hv, Cc is utilized.
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After the cross-section information for the first cross-section has been input, either a
known water surface elevation is input to start the calculations or the water surface
el evation coul d have been deternmined by the Normal or Critical Depth options or by another
source or nethod. The program then computes all pertinent variables for the first
cross-section that wll be needed for an energy balance with the next upstream
cross-section. After this the user nust put in the appropriate information for the next
cross-section (i.e., ground points, channel stations, reach |engths, contraction and
expansi on coefficients, etc.). Once this is done the program perforns a series of tria

iterations to make sure that the Energy Equation (1) listed previously will balance to
within .014 foot. The sequence of trial elevations is |isted bel ow.

1ST TRI AL

Uses the depth of water (DP) of the previous cross-section added to the |owest elevation
(ELMN wthin the current cross-section. If DP + ELMN is less than the previous WSE
(i.e., adverse slope condition) then the program uses the previous WBE for the 1lst tria
at the current cross-section

2ND TRI AL

Uses the average of the conputed WBE and the WBE assuned in Trial nunber 1.

3RD TRIAL AND ON .. .:

Uses a formula designed to help converge quickly to balance the energy equation as shown
bel ow:

Trial WSE = WSE- (WBE+HV- DG HL- OL) / (1- ((Q QC) %) +((1.5%HL) / (A W))

VWhere WSE, Hv, H.,, O, Q A and W are the latest conputations of water surface
el evation, velocity head, friction loss, eddy loss, critical discharge, total area, and
total wetted perineter, respectively; and, DG is the conputed energy grade elevation from
t he previous cross-section; and, Qis the discharge at the current cross-section

For nost energy bal ances between cross-sections that are not at or near critical flow, the
program wi | | bal ance the energy equation within 5 trials.

The cal cul ations performed by the program for an energy bal ance between two cross-sections
are |listed below The calculations include the iterations that the program goes through to
arrive at the energy bal ance.

WBE WBE

Assuned Cal cul at ed D fference Trial #
98. 75 98. 32489 +. 4251099 1
98. 53744 98. 32472 +.2127228 2
98. 32476 98. 32513 -. 00037 3

We assune that the correct WBE = 98. 32

Not e: Energy balance in this case was accurate to .00037 foot.
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Appendi x 1. Definition of Variables

ACH - Area within the specified channel below the water surface el evation
ALOB - Area within the specified | eft overbank bel ow the water surface el evation
AROB - Area within the specified right overbank bel ow the water surface el evation

ALPHA - Vel ocity head coefficient

AREA or Area - Total area within the cross-section below the water surface el evation
AVG VEL or Velocity - Average Velocity within the entire cross-section

Base Wdth - Channel bottomw dth of a trapezoidal or rectangul ar cross-section
Bottom Wdth - Channel bottomw dth of a trapezoidal or rectangul ar cross-section
cC - Contraction Coefficient

CE - Expansi on Coefficient

CH SLOPE - Sl ope of the streanbed, Channel Sl ope

CHAN- VEL or ChanVel - Velocity within the main channel of cross-section

Critical Slope - Slope of the Energy Grade line at Critical Flow

CWBEL - Conputed water surface elevation within a cross-section

Depth - Max depth of water in the cross-sect as neasured bel ow the water surface el evation
D aneter - Wdth or Height of a circular pipe

Di scharge - The rate of the flow of a volume of water within a cross-section, usually
expressed in cubic feet per second (cfs)

EG or EG ELEV - Energy grade el evation, expressed as, WSE + HV

EG Sl ope - Energy grade slope

ELEV - Elev of a ground pt of a cross-sect, as ref to sone datum (i.e., NGVD, NAVD, etc.)
ELM N - Lowest elevation in a cross section

Fl ow Regi me - Type of water surface profile (Supercritical regimes are not conputed)
ML: EG Slope <= Ch-Slope and FR# < .8 M2: EG Slope > Ch-Slope and FR# < .8
Cl: EGSlope <= Ch-Slope and FR# >= .8 C3: EGSlope > Ch-Slope and FR# >= .8

Fl ow Type - either, Supercritical, Critical or Subcritical

Froude#, Froude No., Froud# or FR# - Froude nunber, used to determine the flow type
(i.e., sub- (FR# < 1), critical (FR# = 1) or super-critical (FRZ > 1) flow)

HL - Friction | oss between cross sections

HV - Vel ocity head

Hyd Radius or Hyd R - Hydraulic Radius: equal to (Area / Wt Perineter)
A1
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KRATI O - Ratio of upstreamtotal conveyance to downstreamtotal conveyance

L Side Slope - Ratio of the slope of the left side of a channel in terms of Horizontal
distance in feet to 1 foot Vertical.

Manning's n - Coefficient used to account for the friction caused by earthen, vegetative,
and/ or man-made surfaces within a floodplain cross-section.

Max Di scharge - The maxi mum flow possible within a circular pipe, (usually occurring at
.94 * Dianeter).

NCHL, NLOB, NROB - Manning's "N' value for the specified channel, |eft overbank, and right
over bank, respectively.

OL - Expansion/contraction | oss

Q - Total discharge in the cross-section

QC - Critical discharge within entire cross-section for a specific water surface el evation
QCH - Discharge within the specified channel of a cross-section

QC - COitical discharge within the entire cross-section for a specific water surface
el evation, assumng that critical flow is limted to the channel, even if flow is
occurring in the overbanks

QOB, QOB - Discharge within the specified left overbank, and right overbank,
respectively, of a cross-section

R Side Slope - Ratio of the slope of the right side of a channel in terns of Horizontal
distance in feet to 1 foot Vertical.

SECNO - Cross section nunber or identifier
Sl ope or EG Sl ope - Energy grade sl ope

STAT-L, STAT-R - Station, within a cross-section, of the left edge, and right edge,
respectively, of the water surface

STAT - Station of a ground point of a cross-section

STCHL, STCHR, ST-MDCH - Station of the left bank, right bank, and md-point,
respectively, of a cross-section

Top Wdth or Top Wd - Top width of the water surface within a cross-section
Vel ocity - Average Velocity within the entire cross-section

Wet Perinmeter or Wet Per - actual width of ground within a cross-section below the water
surface el evati on.

W5 ELEV or CWBEL - Water surface elevation within a cross-section

XLCH, XLOB, XROB - Distance between cross-sections as neasured along the channel, |eft
over bank, and right overbank, respectively.
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